(E) Coomassie-stained SDS-PAGE analysis of BMP9 pull-down by non-mMBP-fused, C-terminally 6His-tagged OR and mutants thereof. A single batch of conditioned medium from HEK293T cells transfected with BMP9 alone was used as input for all pull-down experiments; C-terminally 6His-tagged mMBP was used as a negative control.
(F) Comparison of free and BMP9-bound OR structures (dark blue/light blue and red, respectively) reveals a ~20-degree rotation of OR2 relative to OR1. Bending residues 10 (Y44-T46, W196-V204) are green and the rotation axis, which is perpendicular to the plane of the page, is magenta.
(G) Sequence alignment of human BMPs. Secondary structure is marked; residues within 4.5 Å of ENG are indicated with blue circles.
(H) Superposition of the BMP9 precursor (Mi et al., 2015) with BMP9 bound to ENG OR indicates that the prosegment of the precursor is not compatible with ENG binding. determined by global fitting (red curves) using 1:1 stoichiometry.
(H) Non-reducing SDS-PAGE analysis of purified proteins used for BLI measurements. Parameters for the outermost shell are shown in parentheses. A.U., asymmetric unit; CC(1/2), percentage of correlation between intensities from random half-datasets; CC*, √(2CC(1/2)/1+CC(1/2)); CC Source (DLS, Didcott), also equipped with a PILATUS 6M detector. Data was integrated and scaled with XDS (Kabsch, 2010) , using high resolution data cutoffs chosen based on statistical indicators CC 1/2 and CC* (Evans and Murshudov, 2013; Karplus and Diederichs, 2015) . Processing statistics are summarized in Table S1 .
Structure Determination
The structure of M OR was solved by MR with Phaser (McCoy et al., 2007) , using as search model an ensemble of MBP structures extracted from PDB entries 3SEX, 3SET (Laganowsky et al., 2011 ) and 4WRN (Bokhove et al., 2016a , 2016b . After autobuilding with PHENIX AutoBuild (Terwilliger et al., 2008) and manual building in Coot (Emsley et al., 2010) , the model was refined using phenix.refine (Afonine et al., 2012) . Protein and carbohydrate structure validation was performed with MolProbity (Chen et al., 2010) and Privateer (Agirre et al., 2015) , respectively.
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PDB entry 1ZKZ (Brown et al., 2005) was used to phase the data of BMP9 by MR. Rebuilding, refinement and validation were carried out as described for M OR.
The structure of the M OR-BMP9 complex was also determined by MR with
Phaser. Despite the limited resolution of the dataset, correctness of the solution was indicated by a progressive decrease in refinement R-factors every time a new model component was added to the structure ( Figure S4B ). An independent indicator of the correct MR result was the placement of the BMP9 molecule in the unit cell which, together with 2-fold crystallographic symmetry, generated the known BMP9
homodimer (Brown et al., 2005) (Figures S4C and D) . Due to the low resolution of the data, a conservative refinement strategy was followed, consisting of strictly constrained coordinate refinement together with group and translation, libration and screw (TLS) B-factor refinement (Winn et al., 2001 ), using one TLS group per domain.
MR of M ZP was performed using PDB entry 3SEX (Laganowsky et al., 2011 ) as a search model. After obtaining initial MR phases, density modification was carried out with RESOLVE (Terwilliger, 2004) in the PHENIX package (Adams et al., 2010) . Model building was performed with Buccaneer (Cowtan, 2006) and Coot. Refinement and validation were performed as described for M OR.
Refinement statistics are summarized in Table S1 .
Sequence and Structure Analysis
Sequence alignments were calculated using T-Coffee (Notredame et al., 2000) and compiled with ESPript (Robert and Gouet, 2014) or SeaView4 (Gouy et al., 2010) .
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The circular permutation of ENG OR was first recognized using Chimera (Pettersen et al., 2004) . Superposition of OR1 and OR2 was performed using PDBefold (Krissinel and Henrick, 2005) , which was also used to search for structural homologues of the OR domains.
PDBePISA analysis (Krissinel and Henrick, 2007) indicates that the interface between OR and BMP9 plays a significant role in complex formation (complex formation significance score (CSS) = 0.648). However, in both the OR and the OR-BMP9 structures the CSS of the interface between mMBP and OR is 0.000, indicating that there is no significant interface between the two moieties of the fusion protein.
Furthermore, the packing of mMBP and OR is different between the liganded and unliganded state, which suggests that mMBP does not interfere with the structure of OR.
Solvent accessible area calculations and domain motion analysis were carried out with Naccess (Hubbard and Thornton, 1993) and DynDom (Hayward and Lee, 2002) , respectively.
Figures were created with PyMOL (Schrödinger, LLC). The ENG surface in Figure 2C was colored according to the normalized consensus hydrophobicity scale (Eisenberg et al., 1984) .
BLI Analysis of Protein-Protein Interaction
An Octet Red96 system (PALL FortéBio) was used to measure binding constants of recombinant human BMP9 (carrier free; R&D Systems) to purified ENG constructs and an mMBP control expressed in HEK293T cells ( Figure S8H ).
Before immobilization to High Precision Streptavidin (SAX) Dip and Read
Biosensors (PALL FortéBio) hydrated in sample buffer (20 mM Na-HEPES pH 7.4, 150 mM NaCl, 0.05% Tween), BMP9 was biotinylated on ice for 2 hours and diluted to 5 µg/ml. Subsequently, sensors were blocked with biocytin (10 µg/ml) for 1 minute to avoid nonspecific binding. In order to calculate K D , binding in the presence of increasing concentrations of each ENG construct (0 nM, 37.5 nM, 75 nM, 125 nM, 250 nM, 500 nM and 1 µM) was monitored. Two 60-second and 120-second baseline measurements were performed prior to association measurements. Association and dissociation were monitored during 240 and 300 seconds respectively. Nonspecific binding was monitored using a sensor not coated with BMP9 and ENG constructs at 125 nM concentration. Contribution of the buffer to the signal was measured with a BMP9-coated sensor. Both controls were subtracted from the binding signal in order to calculate K D values.
SEC-MALS Analysis of the ENG-BMP9 Complex
The chromatographic system consisted of an HPLC system and autoinjector (Agilent Increase 10/300 GL column (GE Healthcare), using a flow rate of 0.75 ml/min and a mobile phase consisting of 50 mM Na-HEPES pH 7.5, 25 mM KCl, 20 mM MgCl 2 , 200 ppm NaN 3 . Data processing and weight-averaged molecular mass calculation were performed using the ASTRA 7.0.2 software (Wyatt Technology).
